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Air Weather Service Technical Report No. 105-73, "Fore@asﬁing Fog
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in the Bralmaputra Valley," is published for the informetion and guid-
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o PREFACE T
« This report was initially. pablishod in the 10th Wedather Squadron, i g
& ’ o USAAT, Dy 1st Lt. (now Captain) Doneid E. Martin and M/Sgt. (now 1lst Lt.). ?
‘;:f\ ' Peul W. Beue r, who were at that time forecasters in India. The purpose _i;

: -cf the study was to pre'sent ber"cain practical aids to i‘orecasting fog = 3 ,

. in the - Brahmaputra Va.lley and to a:.d/in/l/ndoctmnatlnv/:.aew— wonnel = ;
‘Ihe methOu ou’rllned in ,»hls r;pc;;t wag used surcessfully by n{lmer- _ }
01_1~s er asters in Imua dumng World War Ii- R«a_cently, sg_me_ mgdifiga,-, ' ' ‘ !
t:Lons oi‘ the techm.qae h&ve been ma.d’e by Gapta.m Jartln s::.nce it 1s folt. e o
that the same p;en«,ral- anproa-.,b xor forecastmg radlatlc:; fog\uan be :~— _- “
applz.ed 1n many other pa. ts of the worlé ' It must :E>e stre Sed h;wever, ’ o :
| thai; Lhe forecaster mu-st a‘hmys take 1:11:0 acéount he- ...ocal condltions _ 1 f
. T ) R
of any partlcular alrfleld since pecullarltles in terraln or ulrculat % ~=‘

? ﬁ 'f;iu.alj_y’ i“nfluence “the t .; offormat:.on ‘_g;*;g Lhe 1nten31ty of t’"e ) jx 1‘

i‘-og@ S S - R e ;

. R S - - — ' .Headquarters, AWS - " ; : ;
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‘r o e g;\:mw ' ST T e T
( - m‘—r—J




Iy
lasel

o
~

e

il

~ells

TABLE COF CONTENTS . S
) ~- . B Page
I. . Conditions Favorsbtle for Fog Fomatlon in the - R :
) Bra.hmapt..tra Valley in Winter o + v o o ¢ ¢ ¢ o o o-0 » 1
IIs Fco Forecasting by Use of Potential Temperatures. at )
thé uonvectvvc. Gondensa tion Level o ¢ o ¢ o o o o o s 2
G II:T. ‘_: Inﬁian_?ogfh&rts I . -“'4 LI Y T I B Y 70‘.‘ 7 .
- ;_‘.-1&:;
2 2 2 N .

Aol

LAY s L

e thetions Fe

o o 4{;}@‘9?{ R




1, .,
Jedi wniramels W
,

|

I

I. CONDITIONS FAVORABLE Féﬁ FOG FORMATION . ;
IN THE BRAHMAPUTRA VALLEY IN WINTER - ik

Throughout the ;engnh of the Brahmaputra Vallsy condltlons are

~

idéalsfgr the formation of radiation fog during the fall and early

per D% - a TR, s

winter months. The ¢ ii;u]atlon is governed by the Wcrsueast Monsoon -
which produces & wéak.ﬁorﬁhegsteily wind.flow over the reglon. The ‘ 2
wind velocity is.sﬁfficieﬁtlfb stir the air during the hoars of fog ié ,
andtt;~;a;se corductlo“ coollng 1n7£ﬁé~m;;é£n£;vels. The tdpog?aphy ;E}
of the val;ey is smoé%ﬂyé;éf;é_;i:"qSuffi01ent mols%ure is ava1¢able }E
;from tne broad expansas uf the Brahmaput;a Rlver. nearlv stagnant at ' :: i1 é.

- &=

necessary Ior the formatlon of +hls fog.
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The upper a1 1tuatmon 1s typlca_ of a contlgenta_ hlgh with
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subaldence 1nver31ons and stable lapse rabes. Any clo ds that form
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1n the early afternoon by Vonvectlve actiVity are usually dwarfed in

thein.development. The & erage number of mlles of wind pe; day is
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-abbrdzlmatelv 75 to 100- and, 31nce the*e 1s a gaod networ& of renorts

whrvughout the valley, 1t is easy to flgnre the tragectory of the gir.
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DLrlng .hls seasén. of~the year the haze and the accumulated smoke

f*om the any Indlan flres are suf1¢clent to act as condeasatlon

- 2 ) ~

" The Lorecasting method descrlbed below WaLS used at Lal_anlr Hat

i'uo forecasT the Pormatlon of rédiatlon fog. Lalmanlr HJ@ has a latltude
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of 29%53'F and a longitude of £9°26'E. The station is situated at a

height of 106 feet above sea level. A small body of water is located

imediately to the nortl: of the station.

The runways of the landing

fleld are connrute and are oriem ed from eas t to

wegt.,

<

The fcog begins

to form over
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the hills and drains into the river valieys where it ac~
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cumilates and spreads over the runways ﬁi;h the ligﬁt northeasterly
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winds of This season. When due con51derat10n had been glven to local

thorough analysis made of the syn opnlc weather data,
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" conditions und a

ER

9

1t Was found pnabiole to rorecast thls Fog for 24 to 30 hours 1n advance
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accuracy. This~metﬁod'was later ehecked agalnst
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FOG FORECAST ING BY THE USE oF POTENTTﬁL TEHPERATURE - - -
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It‘was ssumeﬁ that 1f two varlables nhlcnﬁ::e_znl t ed to une ccn-*

dltlons necessary for tbe Pormatlon of thrs fog coula be found a varl-
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ance in these would bs 1nvaluable 1n'aeterm1n1ng the ac+ua1 tlme of fcg
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S Poﬁentlal temperature is a relanrvely cdnqervatlve proper y of an

~

It is a functlon of temperature and pressure and varleq
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air mass. Aby

a‘"ectlon of warm or. cold alr.

> the Cold_alr advection'w1ll cause a

Yanr

potentlalutemperature llne to 1ntersect uhe radro«onde curve a+ a hlaher _

v

.Assumf

T 'evel.

anq "arn-alr advectlon w11 creat= a reverse smtuaf’cnr

*ng dryaadrabatlc condlﬁEOns down.fro& tne coanCtlve cl;ud 1eve >-:8

“close estimate of tne max1mum temperasure for ége%"day may be calculateé:.
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The thickness of this adiabatic lapse rate, i.e. the distance from the o
surface to the convective-cloud level governs the extent of the verti~
¢al mixing in the lower layers. Also, when this condensation evél is

lower, mere clouds may be expected to form which_will reflect much of

U

=

= the day time radiation from the sun into- space.

i

e ‘ o ; - : c B

%é, The convective condensation level is the.height at which air reached
ek -

Y :jj‘""sauuratlon "hen heatea from below to such an extent that it ascends

%%‘ h adiabatﬁoally because of 1nstab111ty forccsv This level is & functi‘ﬁ
K o . : -
g - e - ¢ T
ké? R of thé amount of m01sture, the temperature, and the pressare of the air,
‘ﬁr"{,\: - _ -

= : - - == g S
¥ i 7apd-is related +J the.amoun+ of vert1ca1 motidﬁ in the lpwer.l _r,,of .

£aler

i

sﬂﬁe;&tﬁﬁéﬁﬁerea Therefore, the potentlal temperature at thls leveli_f

;-should be an, invaluable factor in the prealctlon of fog. when-such-fﬁé

formatloﬁ is further supplemented by a thorough knowledge of lccal topo-

granhy and 8, detalled analysis 6f _the unper #ir for cloudlness and: the

lower alr ?er Qtab’ll%ﬁ, accurate fog ?oreeasts -can be mad

ln reased m01sture in *he sur ace layers causes a lower convectlve

qeﬁééﬁéa %i6h level, and & lesser helght to whlch this: 'bisture is tr

pewted aloft by turb ifence.. herefore, the larger tne eoncenrratlen of .o

e N

mo1sture in the 1ower levels, the earller the time at nlght when ccndl—

tlons are sultable for the lo"matlen of fo 0 —verselv, a decreased

— — -

~

cones ntra tion of m01s+ure in the buzface layera causes a hlgh conde 158

tlon Tevel™ and 2 ragscort ef m01sture to higher levelse.:lhg formation

k] el -

' ef ng s thus &elaJeu because tne anread between,the max1mum éaytﬁmi

—températu;e and the dewpnwni_iemneﬁature 1s 1ncreased. ?n nlghts fol~

= o —

— T

'1ow np days W1th lcw ccnvectlve condensatlon level the satlratlon_

LT e -

- temperature xs‘reechedtea and the nccturnal 1nver51on is.m -;éwedaifi., S
_temperaviure &S 3G € y e Lo )
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hat tne po:mts v e closely niIIste ’ed around 'bhe smoothpd carye,, N
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) ______?_ﬁy_ piégtﬁreports_._,and 4‘rc:m the use of the formula 4‘,4h = 1 0“ (T

- usi ng 'bhe Lew - potentJ.al temp‘,ra-‘bur-ie on_'Fig-._ EL.

intensity. Feg, 'bhereu’:‘Ore, forms earlier &

and is more persistent.,

A graph was inade of the poten‘bial tezziperétur'e

at ’che convective

tion rem.,ced‘-r

z" Yls" g

i

condéns 'bi on level th

versus the time when :f'os, fo;.m

Us*ng thls uldgram m_nonnec«- -

ibility to less than one mile (Fig. 1).%

tion with the evemnc' soundiﬁ a reasonably accm'ate-fci"ecas‘tmeul'.

be made from 24 to 30 hours in advasce. By compar.mg such a f‘erecast

o _yuth the actual 29 ndltlons which _eccurred dumng

To;__‘é'cast, it Ta“sj po ssxble to cleduce the i’o_L..ewing met od for mai:_ng

~shortsr “Fengs forecasts 5

In the B

: ’of che’ skzy was too:c gl}ff tudied and the helght of the convective

~_.7 ~<

=

:"-’:.\‘

o*n ba leon runs, -accurate

) where

'b was construc'bed basge __a: n 'bhls formula (‘?':Lg. 2) whlch_gave 'bhe

; .!De*
' \01
pﬁ

‘hei ght i-n tems of the i;@:@?;érgﬂ;ure-déwpomt _SDread-a

'bhen noted on- the pr eV.LO"" raob to determlne *hn trenﬂ of the convectlvp

I,'h;'s 'hél.-ghv ‘wa;é_’i

,...«"’_"A

cnn'i satlon level. I% the trend was u:)Lnd to lower, a forncast vas made

With & ‘10wer1ng trend

' ~cbnd—;:-‘cions“r-were ‘il'l_oi'e favgrable. f.cz‘-_ 'heavy ﬁég'fé?;'mtiém A -ri-sing, trgnd T

prouur'ed om:)osite resul'bs. _ Th 19 snor‘ber—ra_nge Lurecas'b was found to be

~

"‘ternoon, Qarlng the_tme of maxmtm convectlon,. the natu.re» S

. The dispersmn ff data Laed 1n

the construet ion

<

f:ﬂ___;;_

i

j.s no ionger

|
|
T4

s AIFCLt

\
A
4

oL
,‘\‘40.._,"‘4)!‘ 3

L
i

»

avai 'a‘b"le and wac riot :anluded__ln tbe omg:mal

repory die to fr'e@;rh;alic‘u::dn- d?i'-fficulf:ies..

l_ h"fa athe:r Sczuadron

It may be -st&ted however. PO
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particulerly valuable on days when rain had increascd the moisture con- o
- 3

N

tent in the air after the evening rachb was taken. Such a forecast also

served ds a2 check on the long er—ranga forecast whlch may have been ‘al-

i
v

tered by unforeseen clianges in synoptic donditions,

The convective condensation level was determined on the adiabatic

Phe:'t by flndl g the point on the sounding vhere the saturated mixing

g

AP Ll

iy
L

bl gi

= ra'blo llne, ha-*ring‘ & %ra’lue' equal tﬁ. the average mxlrg I‘;.Jﬁl\) in the first E
E : S

;;2 = k:.lometer above ‘the surface 2, 1r‘te‘r'.sected ther .;oundlng.

%’ i - — For ,g\tatlons n{;u havd ng Eré.obs,:. the cdnvective condensatlon level

,:~ e V'Jf:fé;'s‘_f_i_‘-gp;z__@ _f-'z_"_vf' the. aftérnoon obse;v tion s- 1d ploii_‘ii‘e‘d‘ on arneiél’ih?i'iﬁg .

o 3

soundlng to determ:me the potentl temperatare "alue.
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i parable resul*s to the potentlal tefiperature parmeter. The forecastens
- - L ot . — Ny
%ﬂ_ _g.. Ch apua, pr:e'f 7y ed the absolutc hg,i‘ hu of the convect:.ve condensatlon on
i - T L - - A ot e SIS
DXl . R AR = . N N . s e
e level. It might be po:;nted out, h’owever, that these modifications are
o= : ~ - o . :
r;»'-:,- - very closely relatad to the ,Qri'gj;_r'z@l_xpar'amg_:{;er.

T SRR ;390 Incil 1"‘" harts . N

Slnce a.lr—mass condltlons a.ro so s’cagnant 1n Indla, the authors

fnund that cl::.matology could be used advap’bageously 11{ f.or_egas_ting.._fqgv,“

*;Use was mgde_ g‘_x }*e long pémod -.Qf I_nd_ian re‘c;ords (over 50 ygars). cj_b— -

of thi.

s :

'bs'.i_ned" fi;-oﬁl'-'the Me:tebi‘-cibgis'cai Qbs'ex_n._rja;tqzﬁr gt A T-jp ree_' Réc‘j:j"j

'i‘,yp__e ,ncvild be ut'illzed by forecasters whf-;nev:= :;si’cua%ion- iﬁs\_well

_catalogaed, =~ — - L R
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> symbols used in the Indisn fog charts. ’ 5 B
:%‘: H =~ Average number of days of fog T ,
L Ny = Maximum number of days of fog in any ome year
3 © Ol - Minimum number of deys of fog in any one year
_g . - D= Average duration of og when it occurs (in hour'a)
= L - B e Meximum duration oi fog in any individual occasion-
= Dy - Minimum duration of fog on any individual occasion
~ tq - Earliest time of -commeéncemént -of fog . S "
. N t%- ‘Latest time of aicsipatlon of fog o St :
D ngntfeg ' _ . _ . -
e - “Moderate fog , - R ol '
] 'ggn-.Thlckfog . A D -
- . o B _»___"~_ I AN ._-_ ._ . \- -;__.._‘I -
= o ~J_,. A__, "_ncomng al‘cos’cre‘cus cloud layer above 1@_ _OOO fee'b Eradually
_E _ ' i rease; ’co broken or overcaqt condli::.en w:.i;h a no u:..ceable ;a;:réja_;sa in
E‘{\: Y o R N . .
E\ cumulus developmert in +he afternoons: i P
HE : 5 T ‘-- _-, \,' . -~ " - .
& 2. ‘Tnis g&@ostratus.sheet noves Tron the sotith b7 s thwest, pro-
)- - du01ng broken to overcast cel 1ings_ at 8,000 to 3;'-"2;"51"-"-‘ ‘.éeé’t. In the
h__»_ course of le or elsh" Inoure_ such celllngs 1ower to B,QOC A,OUO :E‘ee
ie ; ’ : =

n :4.};
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?7 in 1nterm1t‘bent raln.

_Fog in

were reduced below 3,300 feet.

the following charts refers to conditions hen

The fo_lowlng is an explanation of the

A — e

3.

_: . 3 The sky clea.rs W:L‘bh t’*xe dlss:Lpat:Lon or mov1 urr of £ of low c.uouds

_in the more

- _ - - —

4
ndi‘l:. ‘ns

«0

. _ende ; i‘gs 1ift gradually, but perceptlbly, and

h:. sh sca{"oered p

become h:.gh broken to

ternoon cumulus development becomes qu:l.‘te no’ciceable

o 5

noish alrmass.t ' : _"’ S

. s - —— - - - &
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